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(54) Title: AMPHIBIOUS VEHICLE 




ON 
QO 

2 (57) Abstract: An amphibious vehicle (20) for land and water use comprises a main mono hull section (12) and a pair of port and 
starboard sponsons (18) which are movable from a stowed position under a main vehicle deck adjacent to the mono hull (12) and a 
Q fully deployed position in which the sponsons are spaced apart from the mono hull by at least one hull width. The sponsons are each 
^ pivotally connected to the main huU by means of a pair of respective arms (38) which together with the sponson and the hull define a 
!^ parallel type four bar linkage. The sponsons stablise the vehicule on water and arc readily stowed to allow vehicle mobility on land. 
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AMPHIBIOUS VEHICLE 

This invention relates to amphibious vehicles and in particular concerns 
5 improvements relating to the stability of amphibious road vehicles on water. 

The design of amphibious vehicles is often a conq>romis& between the conflicting 
design requirements of road and water vehicles. For instance, amplubions road 
vehicles must satisfy certain design criteria for road use which conflict with water 
1 0 borne stability criteria. Water borne stability can be less than optimmn when vdiicle 
dimensions, in particular width, are determined for road use since narrow body 
amphibious vehicles optimised for manoeuvrability on roads generally have unstable 
narrow hulls. 

15 There is a requirement for an amphibious road vehicle which is suitable for road and 
water use and which is both stable on water and manoeuvrable on land particularly 
on roads. 

According to an aspect of the invention there is provided an amphibious vehicle 
2 0 having at least one sponson. In the context of the present invention the term sponson 
includes any flotation device positioned laterally on the hull of an amphibious vehicle. 
The additional buoyancy provided by the sponson improves the stability of the 
amphibious vehicle on water and allows narrow hull designs to be used for 
amphibious vehicles. A narrow hull can reduce hydrodynamic drag and hence fuel 
25 consumption as well as allowing higher vehicle speeds on water. Narrow hulls are 
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also preferable for iiam>w body amphibious road veluclra^ 

Preferably, the sponson is movable between a stowed position and a deployed 
position. In this way the ^nson may be moved to a deployed position for use of the 
5 vehicle on water and stowed when the vehicle is operating on land. 

In preferred embodiments, the sponson is movable with respect to a main hidl of the 
said vehicle* 

10 The sponson may be spaced at least one hull width away from the said hull when in 
the said deployed position. This improves stability since the buoyancy forces acting 
on the sponson can provide a significant turning moment on the vehicle to stabilise 
the vehicle by reducing the vehicle's tendency to roll in both calm and rough water 
conditions. 

15 

The sponson may also be substantially flush with the said hull when in said stowed 
position. This allows fhc frontal cross-section area of the vehicle to be reduced vihea 
the sponson is not required^ that is when the vehicle is to be driven on the road. Not 
only does this provide for vehicle manoeuvrability on die road but it also reduces 
2 0 aerodynamic drag on the vehicle when moving on the road. 

Preferably, the sponson is positioned substantially parallel with the main hull vfhett 
in die said stowed and deployed positions. This reduces hydrodynamic drag when in 
the deployed position and allows the sponson to be readily stowed next to &e hull 
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^en not in use. 

Preferably, the sponson is pivotally mounted with respect the said main hull This 
readily permits the sponson to be deployed for use. 

5 

In pirefeired embo£mehts, ttie sponson comprises part ofa respective parallelogram 
type four-bar linkage pivotally mounting the sppns<m with respect to the said main 
hull. The four bar linkage geometiy provides for easy and accurate dq;)loyment of flie 
sponson to its deployed position and further provides a mechanically stifiT and rolmst 
10 structure which can readily transmit buoyancy turning moments generated by the 
sponson to the hull of thie vehicle. 

The sponson may be pivotally mounted with respect to the main hull about pivot axes 
inclined with respect to the plane of the keel of die said hull such that die sponson is 
1 5 raised with respect to the keel when moved from its stowed to deployed position. Tlie 
sponson can be moved to a preferred operational position above the keel line of the 
main hull when deployed and stowed in a lower non-obstructive position when not in 
use. 

2 0 In preferred embodiments, the sponson moves in an aft direction with respect to the 
vehicle when moved firom its stowed to deployed position. This provides for a more 
compact design. 

The amphibious vehicle preferably comprises a sponson on each side of the vdiicle. 
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In this way buoyancy turning moments can be applied to the vehicle in both 
directions. This improves the above mentioned advantages since vehicle stability is 
significantly improved. 

5 In preferred embodiments, the vehicle comprises fore and aft road wheels and the 
sponstfn is stowediii the region bietw'eeii the said fore and aft wheels. This provides 
a compact design and readily allows the sponson to be deployed without intofering 
with die road wheels. 

10 In preferred embodiments, the amphibious vehicle comprises road wheels \vfaich are 
movable between a fully deployed position for road use and a stowed position for 
water borne operation, whereby Ihe ride height of the vehicle on land can be adjusted 
by positioning the said wheels intermediate the said fully deployed and stowed 
positions. By retracting the road wheels to their stowed position hydrodynamic drag 

15 forces can be reduced. 

The road wheels may be pivotally mounted with respect to the raain hull of the 
vehicle for movement between their said respective stowed and deployed positions. 
This readily allows the road i^eels to be moved between their resjiective stowed and 
20 deployed positions. 

Preferably, the amphibious vehicle is a passenger vehicle. 

In another aspect of the invention there is provided an amphibious vehicle having a 
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transom extension member which is movable to a deployed position for increasing tfie 
effective water line length of the vehicle by at least 5%. This is capable of 
significantly reducing the hydrodynamic drag forces acting on iho vehicle and 
particularly at speeds above 12 knots. This provides a more efficient hull design 
5 allowing higher speeds to be reached as well as reducing fuel consumption. 

In another aspect of the invention a amphibious vehicle comprises a hull having at 
least one propeller tunnel having a dq)th dimension greater than half the propeller 
diameter of the propeller in the said tunnel. 

10 

Various embodiments which more particularly describe the invention will now be 
described, by way of example only, wifli reference to ihe accompanying drawings, in 
which: 

Figure 1 is an exploded view of the main components of an an^hibious road 
15 vehicle; 

Figure 2 is a side elevation of an amphibious vehicle comprising the 
components shown in Figure I; 

Figure 3 is a cross-sectional view along'line I-I of Figure 2; and 

Figure 4 is a plan view in the direction of arrow A in Figure 2. 
20 Figure 5 is a perspective view of the afl end of the vehicle of figures 1 to 4 

with a horizontally deployed transom; 

Figure 6 is a perspective view of the aft end as Figure S with the transom in 
a vertical stowed position; 

Figure 7 is an end view of the aft end of the vehicle of Figures 1 to 6; 
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Figure 8 is a cross-section view along line II-II of Figure 7; and 
Figure 9 is a detailed perspective view of the flow direction flap assembly 
shown in Figure 8. 



Referring to Figure 1 the main structural components of an amphibious road vehicle 
10 are shown in exploded view. Hie main stnidtural components include a memo-hull 
12, a passenger deck 14 and a passenger cabin 16. The vehicle 10 also comprises a 
pair of sponsons 18, only the staiboard sponson being shown in Fig;uie 1. The mono* 
hull, deck, passenger cabin and sponsons are constructed using an epoxy glass 
10 reinforced material and high density foam in a sandwich laminate constructioiL The 
sponsons 1 8 are additionally filled'with a solid buoyancy material. 



The main structural components are assembled to form an amphibious road vehicle 
of the type indicated at 20 in Figure 2. The amphibious vehicle of Figure 2 has a 

15 length of approximately 12 metres a beam or width for approximately 2iS metres, a 
heijgjit of approximately 4 metres and is adapted to carry 40 passengers and 2 crew 
members. The vehicle 20 has fore and aft road wheels 22 and 24 positioned towards 
the vehicle's bow 26 and stem 28 respectively. The wheels 22 and 24 are rotetably 
mounted on respective pivot supports 30* which are pivotally mounted about 

2 0 respective pivot axis 32 for movement of the wheels between the deployed position 
shown in Figure 2 and a stowed position (not shown) above the nominal water line 
mdicated by tfie chain dot line 34. The fore and aft pivots 30 are movable about their 
respective pivot axes 32 in the direction indicated by the respective directional am>ws 
36* A sponson 1 8 is moimted on each side of tiie vehicle 20 between tiie fore and aft 
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wheels 22 and 24 below the deck 14 (towards the bottom of the drawing in Figuie 2>. 



Referring to Figure 3» the port and starboard sponsons are each pivotally connoted 
to a respective side of the hull 12 by means of arms 38. The arms 38 are graerally X* 
5 shaped having two pivotal connection points 40 at one end coimecting the ann to the 
sponson and two further pivotal connection points 42 af Ihe other end connecting the 
arm to the hull about an axis 44 inclined with respect to the plane of tiie hull indicated 
by the chain dot line 46* The sponsons 1 8 are each movable between their respective 
stowed positions, as indicated by the dashed sponson outlines 48 where they lie 
10 parallel with and adjacent to the hull 12, and their respective deployed positions as 
shown by the solid lines in the drawing. When deployed to the position shown in 
Figure 3 the sponsons are spaced at least one hull width away from the sides of ^e 
hull so that the overall width or beam of the vehicle is extended to approximately 6 
metres fix>m starboard to port sponson. 

15 

As shown in Figure 3 the inclined nature of the pivot axes 44 causes the sponsons 18 
to move in a direction away from the keel SO of the hull when deployed so that the 
sponsons contribute little to the buoyancy of the vehicle other than to stabilise the 
vehicle on the water. The primaiy buoyancy of the vehicle is provided by the mono* 
20 hull 12. This reduces the loads supported by the arms 38 during normaloperation. 
The action of raising the sponsons to the deployed position shown above the ked line 
has the desired affect that the sponsons act mainly as stabilisers and not secondary 
hulls. 
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Referring now to Figure 4, the sponsons 18 are each pivotally connected to a 
respective side of the hull 12 by two anns 38 spaced along the length of the hull. On 
each side of the vehicle the sponson 18 forms part of a parallelogram type four bar 
linkage with the aims 38 and the hull 12 so that the sponson can be readily moved 
5 between the deployed position, shown where it lies parallel with and spaced apart 
firoinifae hull 12, and the stowed position indicated by flie respective dashed outlines 
S 1 by movement of the arms 38 about their respective pivot axes 44 through an arc 
of approximately 90** as indicated by respective chain lines 52. The foiir bar linkajge 
arrangement causes the sponsons 18 to move aft when they Bie moved fiom tfaeir 
10 stowed position to their deployed position. Throughout the movement sequence the 
sponsons remain parallel with the hull 12 until they are locked in the deployed 
position by locking means (not shown). 

The drawing of Figure 4 also shows the position of the fore and aft road wheels when 
15 moved to their raised position above the water line 34. The raised or stowed position 
of the four road wheels 22 is indicated by the chain dot lines 22' and the stowed or 
raised position of the aft road wheels 24 is indicated by the chain dot'Iines 24*;' * 

Referring now to Figure S, in preferred embodiments the amphibious vehicle 
20 comprises a transom extension which is moveable between a deployed and stowed 
position as shown in Figures S and 6 respectively. The transom extension coo^nses 
a generally flat rectangular panel S3 which is piVotally mounted at its forward edge 
S3a to a pair of vertical slide supports 55 moimted on the vertical end panel or 
transom 57 of the hull. The aft end 53b of die panel 53 is pivotally connected'to a 
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pivotal support 56 in the form of a ladder type member which is pivoted at its other 
end to a vertical panel I6a comprising the aft end of passenger compartment 16. A 
pair of lateral side panels 54 are pivotally mounted along die lateral side edges of the 
panel 53 between the edges 53a and.53b. The side panels 54 are moveable betweoi 
5 their deployed positions shown in Figure 5 and a stowed position where tfaey lie flat 
' again^ ^ panel 53^'bi'die'deploy^ positiontof Figure 5 the transom extension panel 

53 extends substantially horizontally and peipendicular to die hull end transom panel 
57a* 

10 In the stowed position of Figure 6 the panels 53 lie substantially flat against the 
transom panel 57 facing outwards and with the pivotal support 56 lying fiat against 
the panel 53 and die end panel 16a. 

In the embodiment of Figures 5 and 6 die transom extension panel 53 has'a vAiiSti of 
15 approximately t.5 metres, a length of approximately 1.5 metres and the side panels 

54 have a width of approximately 0.5 metres. The transom .extension extends the 
effective water line length of the amphibious vehicle by at least 5% redudng tfie 
hydrodynamic drag on the vehicle particularly at speeds above 12 knots. In this 
respect the effective water line length pf the vehicle can be increased by deploying tfae 

2 0 transom extension while manoeuvrability of the vehicle on land is not afifected ^en 
tfae transom is in the stowed position as shown in Figure 6. The transom extension 
is moved to tfae stowed position by sliding the forward edge 53a along the slide 
supports 55 while tfae aft edge 53b is pivoted towards the vertical transom panel 57 
along the trajectory indicated by the chain dot lines 58. The side panels 54 fold flat 
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agsdnst the main panel S3 as indicated by the chain dot lines 59. 

In Hxe dq)loyed position of Figure S the panel S3 lies substantially tangential to a pair 
of parallel and substantially semi-circular cross-^section propeller duct tunnels 69 
5 extending at least part way along the rear section of the hull 12. This can be best seen 
withreference to Figure 7 where the und^dde df tiie piuiel^53 is indicated at 71 • 

Referring to Figure 8, three flow direction flaps €0^ 61 and 62 are pivotally mounted 
at their respective upstream ends to the aft end of flie propeller tunnel wall sections 
10 72. The port side flap 60 is mounted at the end of the port side tutmel wall, the 
staiboard side flap S2 is moimted at the end of the staiboard side tunnel wall and the 
central flap 61 is mounted at the end of the central tunnel dividing wall between 
port and starboard tunnels. The flaps 60» 61 and 62 have aerofoil type cross-sections 
and are arranged witii their trailing edges at tiie downstream end of the propell«r 
15 tunnels. The propellers are mounted on respective drive shafts 76 upstream of the 
flaps 60, 61 and 62 so that the flow of water exiting the proi>ellers can be directed by 
moving the flaps about their respective pivot axes. 

As can best be seen with* reference to Figure 9; the flaps 60, 61 and '62 are mounted 
20 at their upstream ends on respective spindles 63, 64 and 6S extending perpendicular 
to the aerofoil cross-sections of the flaps. The spindles 63, 64 and 65 are aligned with 
each other and the flaps 60,61 and 62 are pivotally connected together by means of 
a pair of bar type links 66 and 67. The links 66 and 67 are connected towards the 
downstream end of the flaps so tibat rotation of the starboard fli^ 62 about its axis 65 
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by rotation of a co-axially mounted actuator shaft 68 causes translation of the links 
66 and 67 which imparts a turning moment on Uie flaps 60 and 61 so that all three 
flaps turn in unison about their respective pivot axes by equal angulsur amounts. The 
shaft 68 preferably extends through an aperture in the hull and is coimectcd to an 
5 actuator linked to or controlled by the vehicle steering system (not shovoi). 

It is preferred that die amphibious vehicle described comprises so-called ""deep 
propeller tunnels*' in combination with the flow direction flaps 60, 61 and 61 In the 
context of this description a "deep propeller tunneF' has a depth dimension greater 

10 than half the diameter of the propeller tiiat is mounted within the tunnel duct Deep 
tunnels allow the propellers to be protected and provide a greater hull displacment 
for restricted hull length, breadth and depth dimensions. As shown in Figure 8'the 
flow direction flaps are fined aft of the propellers for directing the thrust fix>m the 
propeller to port or siaiboard to manoeuvre the vehicle in the water. Hie flow 

15 direction flaps in the embodiment described are arranged so that on deflecting the 
flow from the propellers the minimum amount of flow restriction is induced thereby 
maintaining speed during manoeuvring, reducing the turning circle and allowing the 
vehicle to be turned within its own length when on water. 
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CLAIMS 

1. An amphibious vehicle having at least one sponson, 

5 

2. An amphibious vehicle as claimed in Claim 1 wherein the said at least one 
spon^oQ is movable between.astpwed position and a.deployed position. 

3. An amphibious vehicle as claimed in Claim 2 wherein said at least one 
10 sponson is movable wift respect to a main hull ofthe said vehicle. 

4* An amphibious vehicle as claimed in Claim 3 wherein the said at least sponson 
is spaced at least one hull width away &om the said hull when in said d^loyed 
position. 

15 

5. An amphibious vehicle as claimed in Claim 3 wherein the said at 

least one sponson is substantially flush with the said hull when in said stowed 
position. 

20 6. An amphibious vehicle as clmmed in * Claim 3 wherein the said 

at least one sponson is positioned substantially parallel witfi the said main hull when 
in the said stowed and deployed positions. 

7. An amphibious vehicle as claimed in Claim 3 wherein the 

25 said at least one sponson is mounted with respect the said main hull by a linkage of 
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pivoted aims. 

8. An amphibious vehicle as claimed in Claim 7 wherein the said at least one 
sponson comprises part of a parallelogram linkage pivotally mounting the sponson 
with respect to the said main hull. 

5 • 

9. ^ An ainphibimis vehicle as doomed in Claim 7 wherein the said at 
least one sponson is pivotally mounted with respect to die main bull about pivot axes 
inclined with respect to the plane of the keel of the said hull such that die sponson is 
raised with respect to the keel when moved fit>m its stowed to deployed position. 

10 

10. An amphibious vehicle as claimed in Claim: 9 wherein the 
said at least one sponson moves in an aft direction with respect to the vehicle when 
moved from its stowed to deployed position. 

15 11. An amphibious vehicle as claimed in Claim 1 conqxrising a 

sponson on each side of the vehicle. 

12. An amphibious vehicle as claimed in claim 1 wherein said vehicle 
comprises fore and aft road wheels and said at least one sponson is stowed* in the 

2 0 region between the said fore and aft wheels. 

13. An amphibious vehicle as claimed in i Claim 1 \^ereintbe vdiicle 
comprises road wdieels which are movable between a ftiUy deployed position for road 
use and a stowed position for wato: borne operation, whereby the ride height of the 
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vehicle on land can be adjusted by positioning Ae said wheels intennediate the said 
fully deployed and stowed positions. 

14. An amphibious vehicle according to Claim 13 wherein the said road wheels 
5 are pivotally mounted with respect to the main hull of the vehicle for movement 

betwe^ifaeir saidTC^ebtive stowed^d d^^ 

15. An amphibious vehicle as claimed in Claim 1 vsrho^In said vehicle 
. is a passenger vehicle. 

10 

16. An amphibious vehicle as claimed in clain 1 wherein the vdiicle 
comprises a transom extension member for increasing the effective water line length 
of the vehicle by at least S%. 

15 17, An amphibious vehicle as claimed in Claim 16 wherein the transom extenisioii 
member is movable between a deployed position substantially parallel with the water 
line of the said vehicle and a stowed position* 

18. An amphibious vehicle as clauned in Claim 17 viiierein the transom extension 
2 0 stows substantially flat against the aft end of the vehicle. 



1 9. An amphibious vehicle as claimed in 
comprises at least one propeller tunnel. 



Claim 1 



wherein the hull 
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20. An amphibious vehicle as clmmed in Claim 19 wherein tiie vehicle conq>rises 
a pair of propeller tunnels. 

21, An amphibious vehicle as claimed in Claim 19 wherein ttie or 
5 each proj^eller tunnel has a depth dimension greater than half the diameter of fhe 

propeller witb^therespective«tmineb 

23. An amphibious vehicle as claimed in Claim 19 wherein the tumiels 
comprise at least two flow direction flaps pivotatty mounted towards a domistream 
10 end thereof for directing output flow from the propeller in a determined direction. 



ABSTRACT OF THE DISCLOSURE 



An amphibious vehicle for land and water use comprises a main mono 
5 hull section and a pair of port and starboard sponsons which are movable 
from a stowed position under a main vehicle deck adjacent to the mono hull 
and a fully deployed position in which the sponsons are spaced apart from the 
mono hull by at least one hull width. The sponsons are each pivotally 
connected to the main hull by means of a pair of respective arms which 
10 together with the sponson and the huH'define a parallel type four bar linkage. 
The sponsons stabilise the vehicle on water and are readily stowed to allow 
vehicle mobility on land. 
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